Abstract -Interdisciplinary Science Master's graduate program in Renewable Energy provides a unique opportunity for a successful integration of research, education and practical ("real world") experience (internship) for science majors. The trends in education technology will be reviewed and discussed. The role of nano-materials for renewable energy is emphasized.
INTRODUCTION AND BACKGROUND
The history of Science, Engineering and Technology is a quest to find the "golden middle" between specialization and integration in natural sciences. Starting from Ancient Greek philosophers, the natural sciences have been divided in numerous disciplines with their special subjects, objectives and terminology. However, the needs for integration in Science, Engineering and their disciplines are increasingly growing, especially due to interdisciplinary nature of nano-technology, high demand in reduction of energy consumption and emphasis on "clean" (renewable) energy. Nano-materials and nano-technologies play an important role in the initiated transformation of a predominantly carbon-intensive US economy into a predominantly clean energy-based economy and renewable energy development. The role of renewable energy in the US economy and growing job market associated with renewable and clean energy has been well documented in business and government reports [1] [2] [3] [4] [5] [6] [7] [8] . An enormous challenge associated with a change to a "clean" economy involves at least three interrelated objectives that will define the entire enterprise [2] : -Dramatic increase in energy efficiency; -Cost reduction of supplying energy from major renewable sources (solar, wind and biomass).
-Mandated limits and establishing a price on pollution from the burning of oil, coal, and natural gas. This transformation requires a specially trained workforce at different levels of education (both undergraduate and graduate) in various areas (photovoltaic, solar energy, materials for energy efficient devices, energy efficient buildings, etc.) and leads to innovations in education by combining traditional academic disciplines with professional training, research and internship experiences. The general structure of the program is schematically shown in Fig. 1 . The curriculum includes scientific, professional, and specialization courses as well as an internship experience. A total of 54 credits (min) are required for the PSM degree. (Table  1 ) and specialization in Materials and Devices for Renewable Energy with emphasis on nano-technology and nano-metrology. The development of other areas of concentration will be considered later depending on the success of the program in the first few years. The students must complete the "Science core" PSM RE graduate courses (18 credits min), three or four courses in their area of concentration upon the advisor's approval (12 credits min), an internship with a project (6 credits min) and "Professional Courses" (18 credits min). Students will work with local industry, businesses, government agencies or non-profit organizations in close contact with university faculty members (advisors) and possibly collaborating with a group of other students. PSM RE students will be exposed to a dynamic professional environment, develop a project idea with the industrial or business partner in energy-related area, formally propose a project, complete the scope of work detailed in the proposal, and, finally, present the results of the project to an appropriate audience. Internships will be initiated during the summer following the 1 st year of study, but other arrangements could be made upon adviser's recommendations. While the internship is a preferred option, some students may have the option of doing a research project at the university in collaboration with an industrial partner. In this case, students will complete their research projects, prepare reports and make their presentations at both their university and business partner. It is also anticipated that this program will promote establishment of research collaboration and student exchange programs with institutions abroad, e.g. in Europe, China and Japan where the development of renewable energy is a high priority. Such collaboration may be established directly through faculty members who have research interests in renewable energy and are involved in PSM RE program. The energy seminar course provides an opportunity discussion with industrial and business experts in topical energy-related issues, their environmental impacts, policy and regulations and business challenges. The study tour introduces students to energy-related facilities (e.g. solar plants, geothermal facilities, hydropower facilities, etc.). The study tour helps to select an appropriate area of concentration, project focus and potential industry partner.
According to a survey completed by the National Professional Science Master's Association [8] in 2009, 53% of PSM alumni graduated from programs in the life sciences and the majority (61.5%) worked for industry. Approximately 55% of PSM graduates work for companies employing >1,000 individuals and the next largest percentage (13%) work for companies with just 1-25 employees. Typical energy-related job sectors include, but not limited by the following:
•
• Electric Transportation and Grid Infrastructure
• Hydrogen Fuel Cells and Advanced Batteries Average annual salaries peaked at $50,000-60,000 (19%) as well as >$90,000 (19%), likely reflecting differences in company size as well as science-based industries. Currently there are about 200 PSM programs [8] at 100 institutions in the U.S.
MATERIALS AND DEVICES FOR RENEWABLE ENERGY
The area of concentration "Materials and Devices for Renewable Energy" is intended to cover a wide range of topics in materials science and device physics with focus on energy applications. It will have several required courses and electives. The list of proposed courses is outlined in Table 2 below. However, the list of courses is subject for further modification.
The courses will introduce students to advanced technology and materials sciences, provide an understanding of materials properties, structure-properties relationship and how structure and properties of the materials will effect the device performance, etc. It is clear that in the next couple of decades Si-based technology will continue to dominate the semiconductor industry, however, the 30 year period of Moore's Law that saw an exponential increase in chip density and performance can not be maintained for ever. Among important challenges associated with exponential increase in chip density is power dissipation and consumption that leads to higher demand on power management at all levels and, as a result, to development of new materials and devices with higher performances and reduced power consumption. In fact, power consumptions in electronic devices and utilities is one of the significant areas of energy usage and, therefore, reduction of power consumption in home devices would lead to significant energy savings and conservation.
Breakthroughs in nano-technology and development of new nano-materials including quantum dots (QDs), quantum wires, carbon nanostructures (carbon nanotubes, graphene, etc.) pave the way to create more efficient devices which can operate at significantly lower power levels. In addition to novel high-speed quantum dot lasers and light emitting diods, QDs appear to be promising for novel solar cells due to tunable bandgap and energy level structure. During the last 15 years significant progress has been made in understanding of self-organization phenomena and QD properties as well as in optimization, control and engineering of QD nanostructures (tuning QD size and density, using stacked multilayered QD structures and controlling vertical and lateral coupling) to superior laser performance in terms of temperature-independent, low threshold currents, high differential gain. Because of strong electronic coupling between QDs in an ordered threedimensional array, excitons have a longer life in QD structures, facilitating the collection and transport of 'hot carriers' to generate electricity at high voltage and, thus, resulting in higher conversion efficiency. Graphene [9] is another example of new material that recently attracted a lot of attention due to unique quantum mechanical properties such as a quantum Hall effect at room temperature and potential applications in microelectronics. Graphene is probably the simplest of all graphitic forms, has been shown to exhibit the unique electronic properties such as tunable band gap, high electron mobility and ambipolar electric field effect. This makes graphene promising material for electronics applications. However, the properties of grahene films have been shown to depend on their geometry and atomic structure, stacking sequence, number of layers, presence of defects and impurities, and the type of substrate. Therefore, the optimization of synthesis requires a characterization at atomic level. Recent breakthrough in high resolution TEM (HRTEM) instrumentation associated with aberration-correction, improvements in electronics and mechanical stability has made the low-voltage HRTEM capable for resolving the full C-C hexagonal structure of the monolayer graphene film (see for example image of Fig. 3 ). Synthesis and characterization of nano-structures and materials ( Fig. 2) are both of interest and importance for students. The basic requirements for materials characterization of nano-structures in industrial and R&D environment include the following: • Flexibility (large areas scan at a high speed + high precision and resolution measurements in desired locations )
•
Optimized combination of physical and structural methods
Ability to measure desired performance attributes
• High throughput metrology for production applications This suggests a need for an optimal combination of optical, x-ray, electron microscopy and analytical metrologies that can be selected for particular materials and applications. In addition to theoretical knowledge and background, students are required to develop hands on skills during their work in the laboratories, to get experience in writing papers, proposals and reports.
USE OF TECHNOLOGY AND EXPECTED OUTCOMES
The majority of the courses including "Core Science" will be offered either on-line or via distance learning option. The "Professional" Courses are already offered on-line at OSU. Students are required to take one or two courses with lab experience to develop hands on skills. Students will have access to state-of-the art equipment and technology at universities and industry partners. The expected learning outcomes of the PSM program can be grouped into two categories -(a) knowledge of energy science and area of concentration, and (b) knowledge of business practices used in the energy field. Specific energy science and area of concentration outcomes include knowledge in the following:
• An additional learning outcome is the knowledge and skill associated with completing a successful project with an energy industry or business partner.
SUMMARY AND CONCLUSIONS
In years to come, the PSM RE program will enhance the ability of science majors at Oregon universities to be successful in energy-related professions. Students receiving the proposed PSM RE degree will have in-depth knowledge of energy science and technology, background in business practices and experience working with industry or business partner on "real-world" issues. The PSM RE program has at its foundation courses in energy science, and project management, and it addresses sustainability and clean energy development. Graduates from PSM RE program will be well-positioned to secure positions in energy-related industries and local companies, government agencies and non-profit organizations, R&D laboratories, and consulting agencies where such skills are in high demand. Depth of knowledge in science combined with breadth of training in business and managerial skills will allow graduates to become key members of project teams and communicate across organizational boundaries.
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